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Abstract
The sports timetabling problem is a combinatorial optimization problem that consists of creating a timetable
that defines against whom, when, and where teams play games. This is a complex matter since real-life sports
timetabling applications are typically highly constrained. The vast amount and variety of constraints and the
lack of generally accepted benchmark problem instances make that timetable generators are often tested on just
one or two specific instances. This is problematic since few algorithmic insights are gained. To mitigate this
issue, this paper provides a problem instance repository containing over 40 different instance types, covering ar-
tificial and real-life problem instances. The construction of such a repository is not trivial since there are dozens
of constraints that need to be expressed in a standardized format. For this, our repository relies on RobinX,
an XML-supported classification framework. The resulting repository provides a (non-exhaustive) overview of
most real-life sports timetabling applications published over the last five decades. For every problem, a short
description highlights the most distinguishing characteristics of the problem. The repository is publicly available
and will be continuously updated as new instances or better solutions become available.
Index terms— Timetabling, Sports scheduling, Benchmark, XML, RobinX
1 Introduction
Researchers have been creating timetables, also called schedules, for sports tournaments since the 1970’s (e.g.
Ball and Webster (1977)). Particularly popular are round-robin timetables in which every team plays against every
other team a fixed number of times. Since the seventies, there has been a strong increase in the amount of sports
timetabling contributions. This increase has been accompanied by many newly proposed constraints and objective
functions, often originating from real-life applications. Table 1 illustrates the increase in contributions over the last
five decades. Since no set of benchmark problem instances is publicly available, it is hard to assess the algorithmic
performance of the various solution methods proposed. Indeed, as contributions in the literature are often tested
on just one or two specific problem instances, little algorithmic understanding is gained. One notable exception
is the traveling tournament problem (Easton et al., 2001), which minimizes the total team travel in the timetable.
For this problem, substantial algorithmic progress has been reported after Trick (2010) made a set of problem
instances publicly available.
Nurmi et al. (2010) are the first to set up a (plain text-only) file format to store more complex instances. They
also propose a set of artificial and real-world instances together with the best solutions found so far. This format,
however, has limited utility with respect to the ease of data manipulation and is not extensible towards several
real-world problems. Recently, Van Bulck et al. (2020) proposed a more advanced XML-supported three-field
notation, coined RobinX, to describe and exchange sports timetabling instances and solutions. RobinX can store
nearly every constraint found in the literature and is complemented with a C++-library to read, write, and evaluate
these XML files.
The contribution of the current paper is to use RobinX to describe a wide variety of problem instances and
solutions from the literature. In addition, since these instances include most real-life applications published over
the last five decades, the paper serves as a guide to the literature on the practice of sports timetabling. All the re-
sulting XML files are publicly available on www.sportscheduling.ugent.be/RobinX. Similar initiatives have
revolutionized algorithmic development in other research disciplines such as school timetabling (Post et al., 2012,
2014) and nurse rostering (Kingston et al., 2018). We hope that this paper encourages researchers to benchmark
their algorithms on a broader set of instances and to share their own data sets with the research community.
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Table 1: Number of (round-robin) sports timetabling contributions related to real-life applications. Num-
bers are mainly based on title and abstract selection from Knust (2018).
1970-1979 1980-1989 1990-1999 2000-2009 2010-2018
3 3 12 20 23
Table 2: A compact double round-robin timetable for a single league with 6 teams. Each game is represented
by an ordered pair in which the first element is the home team, and the second element is the away team.
s1 s2 s3 s4 s5 s6 s7 s8 s9 s10
(1,2) (2,5) (2,4) (2,3) (6,2) (2,1) (5,2) (4,2) (3,2) (2,6)
(3,4) (4,1) (1,6) (5,1) (4,5) (4,3) (1,4) (6,1) (1,5) (5,4)
(5,6) (6,3) (5,3) (6,4) (1,3) (6,5) (3,6) (3,5) (4,6) (3,1)
The remainder of this paper is as follows. First, Section 2 formally defines the sports timetabling problem,
and introduces the most common sports timetabling terminology. Thereafter, Section 3 summarizes the main
characteristics of RobinX. Section 4 presents our problem repository and describes the most prominent properties
of each data set. Finally, Section 5 presents some conclusions.
2 Terminology
The input of a sports timetabling problem consists of a set of teams T with |T | = n, a set of time slots S, and a
multiset of games G. Time slots represent periods in time such as half days, days, or weekends in the season. A
team can play at most one game per time slot in S; a team has a bye if it does not play at all in that time slot. The
multiset of games G consists of ordered pairs (i, j) in which i ∈ T is the home team providing the venue where the
game is played, and j ∈ T is the away team. For convenience, we denote with gi, j the multiplicity of the ordered
pair (i, j) ∈ G, i.e. gi, j gives the number of home games i has to play against j. Similarly, we denote with gi the
total number of games in G involving team i.
In a k round-robin tournament (kRR), gi, j +g j,i equals k for each i, j ∈ T with i 6= j. Similarly, in a k bipartite
round-robin tournament (kBRR), the teams in T can be partitioned into two groups T1 ∪ T2 in such a way that
gi, j +g j,i equals k if i ∈ T1 and j ∈ T2, and 0 otherwise. In multi-league k round-robin tournaments, the teams in T
can be partitioned into different leagues in such a way that gi, j +g j,i equals k if i ∈ T and j ∈ T \ i are in the same
league, and 0 otherwise. In any other case, we refer to the tournament structure as a non round-robin tournament
(NRR). A tournament is compact if the number of available time slots |S| is no more than the minimum number
required to play all games in that tournament. Otherwise, the tournament is time-relaxed. As an example, in a kRR
the minimum number of time slots to play all games equals k(n−1) if n is even, and kn if n is odd. A timetable
maps each game in G to a time slot s ∈ S such that no team plays more than one game per time slot. Table 2 gives
an example of a timetable for a compact 2RR. In a kRR with k > 1, the season is often split into k intervals, i.e.
a series of consecutive time slots of length |S|/k, that each contain a 1RR and in which the home-away status of
mutual games for each pair of teams alternates between consecutive intervals. We call a timetable that follows this
format phased and consider the following additional symmetry structures (see Table 3). In the mirrored timetable
format, the opponents in each interval are identical to the opponents of the previous interval (see e.g. Table 2. In
the inverse system, intervals are played in the reversed order of the previous interval. In the English system, the
opponents in the first time slot of an interval are the same as in the last time slot of the previous interval. For
all other time slots, the opponents of the l-th time slot of the interval correspond with opponents of the (l−1)-th
time slot of the previous interval. Finally, in the French system, the opponents in the last time slot of an interval
correspond with the opponents in the first time slot of the previous interval. For all other time slots, the opponents
of the l-th time slot in in an interval correspond with the opponents in the (l + 1)-th time slot of the previous
interval. An overview of symmetry structures in European top football (also called soccer) tournaments can be
found in (Goossens and Spieksma, 2012).
A team has a home stand if it plays multiple home games in a row and is on a road trip when it plays multiple
away games in a row. If a team plays a game with the same home-away status as its previous game, independently
of the total number of time slots between the two games, we say it has a break. As an example, team 2 in Table 2
has a home break in time slot s3 and s4 and has a home stand starting in s2 and ending in s4. When a team first
plays against team i, and immediately thereafter against team j, we say that team i gives a carryover effect (COE)
to team j. If we denote with ci, j the number of carryover effects that team i gives to team j, then the carryover
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Table 3: An illustration of different symmetry schemes (based on Goossens and Spieksma (2012)). The
number of time slots in each of the k intervals is n = |S|/k. Each number in the table corresponds with the
opponents of a time slot.
Interval i Interval i+1
Mirrored 1 2 3 . . . n−1 n 1 2 3 . . . n−1 n
Inverse 1 2 3 . . . n−1 n n n−1 n−2 . . . 2 1
English 1 2 3 . . . n−1 n n 1 2 . . . n−2 n−1
French 1 2 3 . . . n−1 n 2 3 4 . . . n 1
effects value (COE-value) of a timetable is defined as ∑i∈T ∑ j∈T\i c2i, j (Russell, 1980). Note that the COE-value is
a cyclical concept: it also considers the carryover from a team’s last game to its first game. For fairness reasons, it
is sometimes requested that the COE-value of a team group is as low as possible. For example, if i is very strong
team, it could be argued that j has an advantage since j’s opponent is more likely to be weakened or injured. For
a complete overview of sports timetabling terminology, we refer to (Kendall et al., 2010).
3 A three-field notation for sports timetabling
This section briefly outlines the three-field notation (α/β/γ), as proposed in (Van Bulck et al., 2020), to describe
different variants of the sports-timetabling problem.
First, the α-field uses three parameters to describe the different tournament formats. The first parameter
distinguishes multi-league problems, k-round robin tournaments, k-bipartite round-robin tournaments, and non-
round-robin tournaments. The second parameter differentiates between compact and time-relaxed timetables. By
default, the third parameter assumes that the tournament does not require any symmetry at all. However, in case
of a kRR with k > 1, the third parameter considers the phased, mirrored, inverse, English, and French symmetry
structure.
Second, the β -field lists around 30 constraint types partitioned into five constraint groups that classify the
vast majority of the constraints from the literature. Capacity constraints enforce a team to play home or away
and regulate the total number of games played by a given set of teams. Game constraints enforce or forbid
specific game to time slot assignments. Next, break constraints regulate the frequency and timing of breaks in a
tournament. Fairness constraints distribute timetable inconveniences over all teams or increase the attractiveness of
the league. Finally, separation constraints regulate the number of time slots between consecutive games involving
the same teams and regulate the symmetry of the timetable. Constraints are either hard or soft and have a non-
negative penalty weight: the total cost induced by a constraint is (a transformation of) the amount of violation
multiplied with the penalty weight. The cost of violated hard constraints contributes to the infeasibility value of
a timetable whereas the cost of violated soft constraints is included into the objective value of a timetable. A
timetable is feasible if and only if it has an infeasibility value of zero.
Lastly, the γ-field refers to the objective function in use. If no objective function is provided, the problem
reduces to a constraint satisfaction problem in which the sole purpose is to find a timetable respecting all hard
constraints. Besides, this field considers the optimization of breaks, travel distance, costs or revenues, COE-value,
and soft constraint violations. The latter minimizes the cost resulting from violated soft constraints while still
respecting all hard constraints. For all other objectives, all constraints must be hard.
4 Benchmark instances
This sections uses the three-field notation outlined in Section 3 to describe a wide variety of sports timetabling
instances that had previously appeared in the literature. We group single-league problem instances along their
objective function, and dedicate a special section for multi-league instances. A more sophisticated query tool and
all XML files are available on our website (www.sportscheduling.ugent.be/RobinX). In the remainder of
this paper, we refer to the total number of requirements imposed by the league organizers as the total number
of constraints. However, each requirement could have multiple constraints. Table 4 summarizes all problems
described in this section.
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Table 4: Overview of the different problem instances covered by the repository. For the multi-league in-
stances, the third column denotes the range of the number of teams per league.
Paper reference No. instances No. teams Sport (country)
Constraint satisfaction
Nemhauser and Trick (1998) 1 9 Basketball (USA)
Zhang (2002) 1 11 Basketball (USA)
Briskorn and Drexl (2009a) 69 4 – 40 Artificial
Nurmi et al. (2010) 2 14 – 16 Artificial
Break optimization
Della Croce and Oliveri (2006) 1 18 Football (Italy)
Nurmi et al. (2010) 18 8 – 16 Artificial
Hausken et al. (2012) 1 16 Football (Norway)
Nurmi et al. (2013) 1 16 Ice hockey (Finland)
Durán et al. (2017) 1 9 Football (South America)
Travel optimization
Easton et al. (2001) 7 4 – 16 Artificial
Easton et al. (2001) 19 4 – 40 Artificial
Urrutia and Ribeiro (2006) 19 4 – 40 Artificial
Ribeiro and Urrutia (2007) 1 24 Artificial
Melo et al. (2009) 20 18 – 20 Artificial
Uthus et al. (2009) 19 4 – 40 Artificial
Trick (2010) 9 16 – 32 Artificial
Trick (2010) 4 6 – 30 Artificial
Hoshino and Kawarabayashi (2011b) 2 12 – 30 Artificial
Bonomo et al. (2012) 1 12 Volleyball (Argentina)
Hoshino and Kawarabayashi (2012) 38 4 – 40 Artificial
Uthus et al. (2012) 19 4 – 40 Artificial
Cost and revenue optimization
Durán et al. (2007) 2 20 Football (Chile)
Uthus et al. (2008) 10 8 – 16 Artificial
Durán et al. (2012) 1 11 Football (Chile)
Carryover effects
Kidd (2010) 14 4 – 30 Artificial
Guedes and Ribeiro (2011) 69 4 – 24 Artificial
Günneç and Demir (2018) 6 8 – 18 Football (Turkey)
Soft constraint
Schönberger et al. (2004) 57 10 Table tennis (Germany)
Wright (2006) 1 10 Basketball (New Zealand)
Bartsch et al. (2006) 3 10 – 18 Football, handball (Germany, Austria)
Rasmussen (2008) 1 12 Football (Denmark)
Goossens and Spieksma (2009) 3 18 Football (Belgium)
Kyngäs and Nurmi (2009a) 1 12 Ice hockey (Finland)
Kyngäs and Nurmi (2009b) 1 14 Ice hockey (Finland)
Lewis and Thompson (2011) 10 12 – 18 Rugby (Wales)
Recalde et al. (2013) 1 12 Football (Ecuador)
Larson and Johansson (2014) 10 14 Handball (Sweden)
Nurmi et al. (2015) 1 14 Ice hockey (Finland)
Cocchi et al. (2018) 1 14 Volleyball (Italy)
Van Bulck et al. (2019) 44 13 – 15 Indoor football (Belgium)
Multi-league
Kendall (2008) 4 20 – 24 Football (UK)
Schönberger (2017) 396 10 Artificial
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4.1 Constraint satisfaction problems
In this group of instances, all constraints are hard and no objective function is given. In other words, it is required
to construct a timetable with an infeasibility value of zero.
A first instance originates from (Nemhauser and Trick, 1998) and consists of constructing a compact 2RR
with 9 teams for the 1997-1998 season of the Atlantic Coast basketball conference (ACC). All games need to be
scheduled over a nine-week period in which each week has one weekday and one weekend time slot. In total, there
are nine different hard constraints, of which the most prominent are the following. First off, to separate games
between the same pair of teams, the timetable must follow a symmetry closely related to the mirrored scheme.
Since teams value weekend slots higher than weekday slots, each team must have four home games, four away
games, and one bye during weekend time slots. In order to promote the team and attract new players, teams can
have at most three away games in the first five weekends, and no team can play consecutively away on the last two
time slots. Moreover, teams can play at most two home or away games in a row, there are limits on the number of
consecutive games against strong opponents, and there are some fixed games. A closely related instance consists of
constructing a timetable for the 2002 regular season of the BigTen basketball tournament (Zhang, 2002). However,
this instance contains 11 teams that compete in a partial 2RR in which each team plays at least once and at most
twice against every other team. More in particular, each team plays exactly 16 games during a nine-week period
in which each week has one weekday and one weekend time slot. There are only two hard constraints. First, as
in the ACC, it is required that each team plays the same number of home and away games during weekday and
weekend time slots. Second, a team can play at most two home or away games in a row.
Another set of instances concerns the question whether a compact group-changing or group-balanced timetable
exists. Given |T | teams and a partitioning of these teams into g equally-sized strength groups, Briskorn (2009)
calls a timetable ‘group-changing’ if no team plays against teams of the same strength group in two consecutive
games. Similarly, a timetable is ‘g-group-balanced’ if no team plays more than once against teams of the same
strength group within g consecutive games. Our database contains several instances and known solutions for
|T | ≤ 40 and g≤ 20.
Finally, we included two artificially generated instances proposed in (Nurmi et al., 2010). The first instance
contains 14 teams and the task is to construct a compact 2RR under two hard constraints. First, there must be
at least 7 time slots before two teams meet again. Second, in each time slot, there are four teams that cannot
play home and four teams that cannot play away. The second instance is based on the Finnish major ice hockey
league for players under 20 years of age (see (Nurmi et al., 2013)). In this instance, 16 teams compete in a 3RR
for which the home teams in the third meeting are fixed beforehand. Since there are 57 time slots available but
only 45 time slots are strictly needed, the tournament is time-relaxed. There are two hard constraints: some teams
must play home or away in a given round and all teams are paired with another team with whom they cannot play
simultaneously at home.
4.2 Break optimization
In the constrained minimum break problem, we try to minimize the total number of breaks under a series of hard
constraints.
A first instance is derived from the 2003-2004 season of the Italian major football league (Della Croce and
Oliveri, 2006) in which 18 teams play a compact 2RR. The objective is to minimize the total number of breaks,
while considering the following hard constraints. First of, the best four teams of the previous year cannot play
against each other in the first and last three time slots. Somewhat similarly, some teams share a stadium and should
therefore not play simultaneously at home, nor should they play against each other in the first or last three time
slots. Moreover, a team cannot play more than two consecutive home or away games. Since Italian law forbids
the presence of a monopoly, the Italian major football league collaborates with two television companies that each
own the exclusive rights to broadcast all home games of a subset of teams. In order to reduce the costs of renting
additional channels, the broadcasters demand that in each time slot half of its assigned teams play a home game.
Della Croce and Oliveri (2006) also mention that teams have preferences to play home or away in particular time
slots, however our repository ignores this constraint since no data is available.
The Norwegian 2009 and 2010 major football league (Hausken et al., 2012) instances consist of 16 teams that
compete in a compact phased 2RR. The objective is to minimize the total number of breaks, while considering
the following hard constraints. First, for fairness reasons, there cannot be a break in the second and final time
slot. Second, television broadcasters require that there is at least one game between two attractive teams in every
time slot. Similarly, it is required that there are at least four time slots between two games with the same pair of
opponents. Some pairs of teams cannot play at home simultaneously since they share venues. Finally, some teams
cannot play at home or away in given time slots. We note that Hausken et al. (2012) also consider some problem
5
This is the peer-reviewed author-version of https://journals.sagepub.com/doi/full/10.1177/0258042X20912108, published in Management
and Labour Studies.
extensions in which a number of soft constraints are additionally considered. However, since not all data for these
soft constraints is available, our repository does not include these problem variants.
The instance of the South American qualification tournament for the 2018 FIFA World Cup (Durán et al.,
2017) consists of nine teams that compete in a compact 2RR with 18 time slots that are partitioned into nine
‘time pairings’. Although there are only a few days between time slots of the same time pairing, there are several
months between time slots of different time pairings. Given this long period, the objective is to minimize breaks
that occur when a team plays two home or two away games within a time pairing. Moreover, the following hard
constraints must be respected. For fairness reasons, the total number of generalized breaks per team is limited
and no bottom team can play consecutively against top teams. Besides, Durán et al. (2017) experiment with many
different symmetric schemes of which the final proposed timetable follows the French scheme.
Nurmi et al. (2010) propose a set of 18 artificial instances in which the number of teams ranges from 8 to
16. In 17 out of the 18 instances, the tournament in question is a compact 2RR, whereas in the other instance
the tournament is a compact 1RR. In all instances, the objective is to minimize the total number of breaks while
considering one or more of the following hard constraints. A first constraint enforces to have at least a given
minimal number of time slots to last between two consecutive games of a team. Additionally, the constraints
may include capacity constraints stating that a team cannot play at home or away in a given time slot, or that two
teams cannot play home simultaneously. Finally, Nurmi et al. (2010) also propose an artificial instance based on
the Finnish major ice hockey league for players under 20 years of age (see (Nurmi et al., 2013)). This instance is
similar to the one explained in Section 4.1, but there is only one pair of teams that cannot play home simultaneously
and the objective is to minimize the number of breaks. Moreover, there are additionally fixed games and at least
12 time slots must pass before two teams can meet again.
4.3 Travel optimization
The traveling tournament problem (TTP, Easton et al. (2001)) is an artificial yet popular sports timetabling problem
that abstracts the most important timetabling aspects of Major League Baseball. Given an even number of teams,
pairwise distances between all venues, and two integers L and U , the TTP consists of constructing a minimum
distance 2RR that respects the following two hard constraints. First, the length of every road trip and home stand
must be between L and U inclusive. Second, no two teams can play each other in two consecutive time slots.
Trick (2010) provides an online database with the best known results for several instance classes. The first
class contains instances with unit distances and have up to 24 teams. For this class of instances, Urrutia and
Ribeiro (2006) show that distance minimization is equivalent with break maximization. Somewhat similar, the
circular distance instances (Easton et al., 2001) have up to 20 teams and embed teams’ venues on a circle. Al-
though the traveling salesman problem with a constant or circular distance matrix is trivially solvable, the traveling
tournament problem remains challenging. The Galaxy instances (Uthus et al., 2012) have up to 40 teams and fea-
ture a distance matrix that is based on three-dimensional distances between several exoplanets and Earth. Four
other instance classes are based on air distances between the cities of real-life tournaments: the National League
of Major League Baseball (Easton et al., 2001) (up to 16 teams), the National Football League (Trick, 2010) (up
to 32 teams), the Super 14 rugby cup (Uthus et al., 2009) (up to 14 teams), and the Brazilian football champi-
onship (Ribeiro and Urrutia, 2007) (24 teams). Besides, our database also provides two classes of linear distance
instances from (Hoshino and Kawarabayashi, 2012), each up to 24 teams, that embed the teams’ venues on a
straight line. In the line-distance instances the teams venues are evenly spaced on a straight line, whereas in the
increasing-distance instances the teams’ venues are embedded on a line in such a way that the distance between
two consecutive teams always increases with one distance unit.
Three problem variants of the TTP have been proposed for which instances can be build by using any of the
above instances. First, the mirrored TTP additionally requires that the 2RR is mirrored (Ribeiro and Urrutia,
2007). Second, Bao and Trick (2010) propose the time-relaxed TTP in which there are arbitrarily many time slots.
Byes are ignored in determining the length of a homestand or roadtrip, and in determining whether a repeater has
occurred. Third, Hoshino and Kawarabayashi (2011a) propose the multi-round balanced TTP that deals with the
construction of a minimum-travel kRR timetable (the classic TTP only considers k = 2). For fairness reasons the
timetable must additionally be phased (the authors call this balanced), and the difference in home and away games
for each team must be lower than two (Nurmi et al. (2010) call this property 2-balancedness). For this problem
variant, two additional instances are available with distances based on two divisions of the Nippon Professional
Baseball league (NPB). In each of the two instances, there are 6 teams and k = 8.
Furthermore, the following problem variants have been proposed that require additional data. In the TTP with
predefined venues, the teams compete in a 1RR for which the home team of each game is given (Melo et al.,
2009). In total, our database includes 20 instances with 18 teams and 20 instances with 20 teams. Somewhat
similar, a non-round-robin variant exists that allows any number of games between teams (Trick, 2010). In total
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4 instances with up to 30 teams are available based on data from Major League Baseball. Finally, the bipartite
traveling tournament problem (Hoshino and Kawarabayashi, 2011b) requires to construct a minimum distance
2BRR timetable. Data is available for the inter-league games of the NPB (12 teams) and the inter-league games
of the National Basketball Association (30 teams).
Our repository also contains one instance involving travel minimization based on Argentina’s first division
volleyball league (Bonomo et al., 2012). The problem consists of minimizing the total travel distance in a compact
mirrored 2RR for 12 teams, thereby considering the following six hard constraints. First, each team team is paired
with another team with whom it cannot play simultaneously at home. The two teams of each pairing also have to
play against each other in the first time slot of each season half. In addition, breaks are forbidden in the second
time slot and the maximal length of a homestand or roadtrip is limited to two. Besides, some teams cannot play
home in given time slots, there are fixed games, and the difference in the number of games played can never be
larger than one. Finally, there are Thursday and Saturday time slots and it is required that each team plays half
of its games on each of the two days. Data of this instance is based on (Nurmi et al., 2010), with the major
modification being the reintroduction of the travel minimization as was original the case in (Bonomo et al., 2012).
4.4 Cost and revenue optimization
This section considers problems that assign a cost ci, j,s for playing game (i, j) ∈G on time slot s ∈ S. Given these
costs, the objective is to find a feasible timetable that minimizes the sum of the scheduled games’ costs. These
costs can be used to model a wide variety of practical considerations (see (Briskorn and Drexl, 2009b)). As an
example, costs can be used to model preferences of teams to play home or away in time slot s, or to model game to
time slot assignment preferences. Similarly, costs can be used to maximize the overall attendance by using ticket
sale estimates in combination with a maximization function.
First off, our repository includes 10 instances from (Uthus et al., 2008) with 8 to 16 teams that both require
to minimize and maximize the total cost of the timetable. Costs in these instances are randomly generated, and
there are no other hard constraints. Moreover, there are two instances based on the Chile’s first division football
tournament (Durán et al., 2007). The problem is to construct a compact 1RR with 20 teams, thereby considering
6 hard constraints. Since Chile stretches over 4,300 kilometers north to south, many of the constraints have a
geographical origin. To keep game cancellations at a low level, southern teams cannot play home games in the
rain season. Neither can popular teams play in outlying areas during summer since then the recording equipment
must be quick to deploy for other events. Instead, popular games in the summer must be played at venues in
touristic regions. Since in a 1RR any two teams only meet once, it is necessary to fairly distribute the home
advantage: each team plays at least nine and at most ten games at home. To further increase fairness, no team can
have more than two breaks, and there cannot be a break in the last time slot. The objective is to maximize the
number of attractive games near the end of the season. Our repository also includes one instance for the second
division of the Chilean football league that organizes a mirrored 4RR among 11 teams (Durán et al., 2012). The
instance contains ten different hard constraints: the main difference with regard to the first division is the addition
of some hard constraints to balance the travel distance of teams since second division teams usually travel by bus
to keep costs down. As in the first division, the objective is to maximize the number of attractive games near the
end of the season.
4.5 Carryover effects optimization
Russell (1980) introduces the problem of constructing a feasible 1RR timetable with a minimum COE-value
(no other constraints are considered). Our database includes instances and the best known solutions (obtained
from Kidd (2010)) for this problem with up to 32 teams. A weighted variant of this problem is introduced in
Guedes and Ribeiro (2011). They assign a weight wi, j to every ordered pair (i, j) of teams, e.g. to represent rel-
ative strengths, and minimize the weighted COE-value. In total, our problem repository contains test instances
based on four different types of weight matrices with up to 20 teams (see (Guedes and Ribeiro, 2011)). First,
the random instances assign a uniformly chosen weight to each team pair. Second, the linear instances assign a
strength level to each team and set the weight of a team pair equal to the absolute difference between the strength
level of the two teams. Third, the perturbed linear instances additionally increase the weight generated by the
linear instances with a uniformly chosen value. Last but not least, there are six instances (from 20 to 24 teams) in
which the strength level of teams is determined by real-life data from the Brazilian football championship. As in
the linear instances, the weight is set equal to the absolute difference between the strength level of the two teams.
Furthermore, our problem repository includes instances with 8 to 18 teams based on the Turkish major football
league (see (Günneç and Demir, 2018)). The problem still requires to minimize the COE-value but this time the
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tournament in question is a mirrored 2RR. Moreover, a team cannot have more than one break per season half and
there should be no breaks on the first and last time slot.
4.6 Soft constraint optimization
The objective in the constrained sports timetabling problem is to construct a timetable that respects all hard con-
straints and that minimizes the weighted sum of all soft constraint violations.
A first instance is based on the 2008-2009 season of the Finnish major ice hockey league (see (Kyngäs and
Nurmi, 2009b)). The instance consists of 14 teams that play a 2RR, supplemented with two or three games per
team. To facilitate the timetabling generation process there are 30 time slots, one time slot more than strictly
needed, making the tournament time-relaxed. The four hard constraints involve venue availability, shared venue
constraints, forbidden breaks in the second time slot, and a number of fixed games. Moreover, there are ten soft
constraints. The most prominent ones enforce that two teams meet each other at home and in turn away, request at
least seven time slots between two games with the same opponents, stipulate that the difference in home and away
games for each team must be lower than two (i.e. the timetable is preferably 2-balanced), and request that the
number of breaks per team is not larger than 6. A similar instance is based on the 2008-2009 Finnish first division
ice hockey league (see Kyngäs and Nurmi (2009a)). In this instance, there are 12 teams that compete in a compact
2RR. The three hard and six soft constraints form a subset of the ones of the major ice hockey league. Data for
both instances originates from Nurmi et al. (2010) and slightly deviates from the original instances. In a follow-up
study, Nurmi et al. (2015) construct the 2013-2014 season of the major ice hockey league. The main difference
is that this instance consists of 14 teams that play a 4RR. Moreover, the teams are partitioned into two subgroups
that each play an additional 1RR. In total the instance contains four hard constraints, and 12 soft constraints. The
main addition is that the timetable should include one ‘back-to-back weekend’ in which teams playing against
each other on Friday also play against each other on Saturday. Furthermore, due to large travel distances, some
teams that play a home game on a Friday time slot cannot play away against a far away team on the next Saturday
time slot. Finally, the number of games on Friday or Saturday time slots should be maximized.
Nurmi et al. (2010) also provide three instances based on the Austrian football (10 teams), the German football
(18 teams), and the German handball championship (18 teams) (see Bartsch et al. (2006)). In all three instances,
the problem consists of constructing a compact mirrored 2RR and there is only one soft constraint in which teams
request not to play home in given time slots. The Austrian football instance has three hard constraints, the German
handball instance has 5 hard constraints, and the German football instance has 4 hard constraints. In all three
instances, the total number of breaks must be minimal. Besides, some teams share a venue in the Austrian and
German football instances, and the number of simultaneous games between teams in the same strength group is
limited in the German handball instance. For more details, we refer to (Nurmi et al., 2010; Bartsch et al., 2006).
The Belgian major football league organizes a compact mirrored 2RR between 18 teams (Goossens and
Spieksma, 2009). A first set of two hard constraints deals with venue availability. Indeed, Belgian mayors have
the right to forbid home games of teams on time slots during which they cannot guarantee public order and safety.
Similarly, some teams cannot play home at the same time since they share a venue or since they are located in
the same police zone. A third hard constraint states that there is at most one simultaneous game between the
four strongest teams. Finally, four more hard constraints regulate the breaks: the total number of breaks must be
minimal, each team has at most three breaks, no team plays more than two consecutive home or away games, and
no team has a break at the start or end of the season. Besides, the league organizers impose six soft constraints.
Most prominently, television broadcasters request that top games are planned during attractive time slots, and that
in each time slot at least one top team plays away. In total, three instances for different seasons are available.
The instance based on the 2012 first stage of the Ecuadorian major football championship (series A) consists
of a compact inverted 2RR with 12 teams (Recalde et al., 2013). Interesting is the objective to minimize the total
number of breaks that are not pseudo breaks. A team has a pseudo break when it plays two consecutive away
games of which at least one game is against a team from its own geographical group. In addition, the following
hard constraints must be taken into account. Teams can play at most two consecutive home or away games,
the total number of breaks per team is limited to two, and breaks cannot occur in the first round. Geographical
constraints require that half of the teams in each region play home. Moreover, some teams share venues and
so-called classic games cannot be planned during the first or last two time slots.
The Danish major football tournament organizes a compact phased 3RR with 12 teams (see Rasmussen
(2008)). For this reason, this instance requires to fairly distribute the home advantage of teams’ games. In to-
tal there are six hard constraints. First off, the team must play a 1RR in the first 11 time slots such that each team
plays between five and six home games. Thereafter, the teams compete in a regular compact 2RR. Another set of
hard constraints regulate breaks: teams cannot play more than two consecutive home or away games, and teams
cannot have a break in the last time slot. The final two hard constraints stipulate that there must be at least three
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time slots between two games with the same opponents, and that some teams cannot play home or away in certain
time slots. In addition, there are 7 soft constraints that further try to balance the home advantage of the teams,
minimize the total number of breaks, and balance the games per geographical region.
In total 10 instances are based on the 2013-2014 top Swedish handball tournament that organizes a two-phase
tournament in which 14 teams are partitioned into two divisions that first play a compact 1RR before playing a
mirrored 2RR among all teams (Larson and Johansson, 2014; Carlsson et al., 2017). Two hard constraints make
that the phases must be planned in an integrated way: the total number of breaks must be minimal, and teams must
meet each other at home and in turn away. Moreover, some pair of teams (within and across divisions) cannot play
simultaneously at home, and the difference in home and away games for each team must be lower than two at any
point in time. In total there are two soft constraints. To increase the visibility of handball the organizers request
as many ‘derby games’ as possible in specific set of time slots. Besides, team preferences to play away should be
respected at the highest extent possible.
Our repository also includes ten instances based on the Welsh major rugby tournament (Lewis and Thompson,
2011) that plays according to a compact 2RR with 12 to 18 teams. There are three hard constraints. To begin,
some teams share a venue and must therefore not play simultaneously at home. Besides, venue availability must
be respected. The tournament organizers also require two derby time slots on Christmas and Easter during which
teams have to play against a local rival team. Furthermore, there are two soft constraints: breaks should be
minimized, the timetable should be phased, and a pair of teams should meet at most once per five time slots.
The instance based on the 2016-2017 Italian national volleyball championship contains 14 teams that compete
in a compact mirrored 2RR (Cocchi et al., 2018). In total, there are 10 hard constraints of which the most notable
are the following. First, breaks must not occur during the first and last two time slots of each season half, and
breaks must be separated by at least two time slots. A team can play at most two consecutive home or away games,
and it should play half of its home games in the first half of the season. Similarly, some teams share a venue and
the number of simultaneous games between top teams is limited. There are seven soft constraints. As an example,
the number of breaks should be minimized. Since most fans can attend games on Boxing day, it is also important
that teams play as close as possible to their home venue during this time slot. Somewhat similar, if a team plays
consecutively away on a midweek time slot, then the two away venues should be as close as possible to the home
venue of this team.
The instance based on the 2003 season of the National Basketball League in New Zealand (Wright, 2006) has
three remarkable properties. First, stadium availability is highly uncertain and must be negotiated with the stadium
owners. For these negotiations, a first draft timetable is produced taking into account a best guess of the availability
by expressing the uncertainty with a non-availability cost. Then, the timetable is proposed to the stadium owners
and the process repeats. Second, the tournament consists of a time-relaxed 2RR between 10 teams played over
only 16 weeks; each week has a Friday, Saturday, and Sunday time slot. Ideally, each team plays once per week
but since there are 18 games per team, each team has at least two weeks in which it plays twice (this is called a
double round). In contrast to the South American world cup qualifiers (Alarcón et al., 2017), teams prefer to play
twice away in such weeks since this reduces the total distance traveled. Another remarkable property is that the
instance features around 15 constraints that are all soft (although some of them have a very high cost, essentially
making them hard). Most important is to avoid three games per week, and to avoid that teams play home during
double rounds. Moreover, it is important to minimize the venue availability cost and the total distance traveled
during double rounds. We note that some idiosyncratic constraints in the instance slightly deviate from (Wright,
2006) to make the instance more general.
Schönberger et al. (2004) construct a time-relaxed 2RR for a non-professional table-tennis tournament in
Germany. Teams in this tournament only have limited access to venues, and feature non-professional players. For
this reason, each team provides a list of α time slots during which it can play a home game, and a list of β time
slots during which it cannot play any game. Besides, there are two other hard constraints. First, the tournament
must be phased. Second, to increase the accuracy of the rankings, the season is subdivided into six parts of equal
length during which each team must play an equal number of games. Additionally, there are two soft constraints:
teams request a minimal number of byes between consecutive games, and each team should play the same number
of home games in the first and second part. Schönberger et al. (2004) propose a variety of artificial instances in
which there are 10 teams, and 200 time slots. In order to ensure feasibility of all instances (for both soft and
hard constraints), instances are constructed around a feasible solution. Within the proposed instances, α varies in
{10,15,20} and β varies in {0,10, . . . ,180}. Our problem repository includes a selection of the 570 originally
proposed instances.
Van Bulck et al. (2019) construct a time-relaxed 2RR for a non-professional indoor football tournament. Each
team in this tournament also provides a list of time slots on which it can play a home game, and a list of time
slots during which it cannot play any game. Besides, a team cannot play more than two games per four time slots
and two teams can meet at most once per 60 time slots. In order to balance the teams’ games over the season, the
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objective function penalizes the timetable each time the number of time slots between two consecutive games of
a team is less then three time slots. In total, Van Bulck et al. (2019) propose 53 instances based on real-life data
from a local non-professional indoor football league. In all instances, the size of the team set varies between 13
and 15 and there are either 273 or 274 time slots (a time-constrained timetable would require between 26 and 30
time slots). On average, teams indicate that they can play a home game on 4.5 time slots more than the number
of opponents in the tournament, and that they cannot play any game on 14.8 time slots. In contrast to the problem
description in our problem repository, the original formulation allowed not to schedule a game but this resulted in
a high penalty value. From the original 53 instances, our repository does not include 9 instances since they are
unfeasible if scheduling all games is a hard constraint.
4.7 Multi-league timetabling
Many sports tournaments partition teams into multiple leagues (also called divisions) such that teams only play
games with teams from their own league. The partitioning of the teams might be based on geographical location or
skill set, and promotion and relegation is usually strictly defined. The determination of a timetable for the different
leagues is not trivial due to the large number of inter-league constraints. As an example, police might enforce that
two teams located in the same city cannot play simultaneously at home. Many professional tournaments avoid
inter-league conflicts by employing a sequential timetabling generation scheme: first the timetable of the highest
ranked league is scheduled after which the resulting dependencies are propagated to all lower-ranked leagues.
However, in most non-professional leagues, this sequential scheme is not very practical since it does not fully
exploit scarce resources and no single league should be given priority over the other leagues.
Schönberger (2017) proposes the following multi-league timetabling variant of the non-professional table
tennis tournament described in (Schönberger et al., 2004). First off, the tournament consists of 23 clubs that
delegate teams to three different leagues. More precisely, two of the clubs have exactly one team in each league,
three clubs have one team in two uniformly chosen leagues, and the other 18 clubs delegate one team to each
league such that each league features exactly 10 teams. Each club c has nc venues on which the club’s teams can
play home games. Each team also provides a list of α time slots during which it can play home, and a list of β
time slots during which it cannot play any game. In total, there are 90 time slots on which games can be played.
The problem requires to construct for each of the three leagues a phased 2RR timetable that respects the following
three hard constraints. First off, a team can only play home if its venue is available. Moreover, a team can only
play a game if it is available. Besides, at most nc teams of club c can simultaneously play home in order to respect
venue capacity. Similarly, the i-th team of a club cannot play simultaneously with the i+1-th team of a club since
these two teams must be able to substitute players. The only soft constraint requests that a team has at least one
bye between two consecutive games. Our problem repository contains numerous instances of this problem for
varying levels of α ∈ {5,7, . . . ,15} and β ∈ {0,2, . . . ,10}. For an in-depth discussion of how these instances are
generated, we refer to Schönberger (2017).
Kendall (2008) proposes four instances that consider the problem of timetabling the games in all four different
leagues of the English football tournament that are played on Boxing day and New Year’s day. In all the considered
instances, 20 teams participate to the highest league, whereas the other three leagues feature 24 teams each. During
the two time slots, each team must play one home game and one away game such that the two opponents of each
team are different, and that some pair of teams do not meet at all. This is not an easy task since ‘clash’ constraints
limit the number of simultaneous home games of teams that are geographically close. In all three leagues, the
objective is to minimize the total distance traveled by the teams, thereby assuming that teams return home after
playing an away game.
5 Conclusion
In this paper, we collected artificial and real-life sports timetabling instances from over 15 different countries and
eight different sports. We described the main instance properties and converted all problem instances into the
XML format of RobinX. First of all, this transformation shows the flexibility of RobinX being able to classify
all considered instances. Second, the resulting database, which is unprecedented in size, offers researchers an
opportunity to benchmark their algorithms on problem instances other than the specific sports league under con-
sideration. This should boost algorithmic performance since more general insights can be deduced. With this
paper, we invite researchers to submit new problem instances and solutions.
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